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(54) METHOD AND APPARATUS FOR GROWING HIGH QUALITY SINGLE CRYSTAL 

(57) In a method for growing a single crystal by 
bringing a seed crystal (4} into contact with a meit (2) of 

raw materials melted under heating In a crucible (1 ), a Fls ' 1 

blade member (5) or a baffle member Is disposed In the 
raw material melt (2) in the crucible (1) and a single crys- 
tal Is grown by pulling up it with rotating the crucible (1) 
to thereby grow various single crystals Including CLBO 
from the highly viscous raw material melt (2) aa high 
quality and high performance crystals. 
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Description 

TECHNICAL FIELD 



K thJol^Mll , l S ,0 3 meth ° d and an 8pparatU5 for grow,n 9 a hi 9* " ualftv «mote crystal. Partic- 
the S CrV8 US ' n9 eVe " h ' 9hly VlSC0US ,k,Uid ^ m9ter,a,S a " d t0 "WW" for practicing 

"> BACKGROUND ART 

™ L ^7 VS " tl0na " y - 38 a^^for growing a single crystal of an oxide ortha like, a method is known In which 
rZ>H TH? a ^ 1 heat&19 * 8 CrUC ' bte ' thereafter a seed c * 5tal 19 brou 9* ''"to contact with the raw 

« pulling method Is used for the growth of various single crystals as a method which can grow a larae-dlarnetar crystal 
in an efficient manner. " 
[0003] Also, for example, a method (Kyropoulos method) Is known In which raw materials are melted under heating 
in a crucible, thereafter a seed crystal is brought into contact with the raw material melt and the temperature below 
liquid level is slowly lowered to precipitate and grow a crystal. 

so [00041 However, fn the conventional methods of growing a single crystal by bringing a seed crystal into contact with 
a raw material melt, there is the problem that when the vlscosfty of the raw material melt during growth at the required 
temperature Is high, theflow of the raw material melt in the crucible Is retarded, causing nonuniformlty In temperature 
l™« 66 su P ersaturatk > n or *• liKe. laading to Ihe result that the quality of the crystal tends to be lowered. 
[0005] For example, CsLiB B O 10 (CLBO) and the like as nonlinear optical crystals attract attention as those forthe 

25 generation of high output ultraviolet laser light and are desired to have excellent performances and qualities such as 
very high resistance to damages by lasers, very high optical loss and high uniformity. However, since it is a borate type 
crystal, its melt has a high viscosity, which makes it difficult to grow a high quality and high performance single crystal. 
It has been continued that In actual measurement, the viscosity of a CLBO solution of a self flux composition Is as high 
as about 1000 cs (centbtokes) at a growth temperature, around a^C. 

so [0006] For example, in the growth of a single crystal by means of the rotation of a seed bar In the CLBO cooling 
method, the distribution of temperature In the raw material melt is not good as shown in FIG. 7 and the growth of a 
crystal is rapid, andlherefore there Is a restriction inevitably on the growth of a high quality and high performance crystal. 
[0007] In view of this situation, it Is an object of the present Invention to solve the problems In prior art as mentioned 
above and to provide an improved new method which can grow a high quality and high performance single crystal In 

33 the case of using even a highly viscous raw material melt and also to provide an apparatus for practicing the method. 

DISCLOSURE OF INVENTION 

[0008] The present Invention has been made to solve the aforementioned problem and, first, provides a method for 
« growing a high quality 3lngle crystal, comprising growing a single crystal by bringing a seed crystal Into contact with a 
raw material melt whicn is heated and melted within a crucible, wherein a blade member or a baffle member is arranged 
In the raw material melt in the crucible, and the crystal Is grown with rotating the crucible without rotating the blade 
member or the baffle member. Also, the present invention provides, second the method for growing by slowly pulling 
up the seed crystal which is brought into contact with the raw material melt, third the method for growing by slowly 
« cooling the raw material melt with which the seed crystal makes contact below liquid level to precipitate a single crystal 
on the surface of the seed crystal, fourth the method wherein the seed crystal Is also rotated while rotating the crucible, 
fifth said method wherein a single crystal of an oxide is grown, sixth the method wherein the single crystal of an oxide 
Is a single crystal of a borate type Dxlde, seventh the method wherein the borate type oxldo is CBLiBgO^ or an oxide 
obtained by partially substituting at least one of Cs and LI of CsLiBgO 10 with at least one type among other alkali metal 
"» elements and alkali earth metal elements and eighth the method wherein the oxide Is an oxide doped with at least one 
of Al and Ga elements. The present invention provides, ninth, the m ethod wherein the borate type oxide Is represented 
by GdjjY^x Ca 4 0(B0 3 ) 3 (0<x<1 ) and the crystal Is grown by a pulling method and tenth the method wherein the single 
crystal of an oxide is LlNbOj, UTsO* a high-temperaiure superconductive oxide material or a heat-electrfcfty-conver- 
slon oxidB material. 

'J [0009] Further, the present invention provides, eleventh, an apparatus for growing a high quality single crystal by 
bringing a seed crystal Into contact with a raw material melt which Is heated and melted within a crucible, comprising 
a blade member or a baffle member arranged in the raw material melt in the crucible and a rotating material for rotating 
the crucible, twelfth the growing apparatus comprising a pulling mechanism for slowly pulling up the seed crystal which 
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apparatus comprising a mechanism for rotating the seed crystal, fifteenth an apparatus for arowlna 7 sl^le cnZ J 

BRIEF DESCRIPTION OF DRAWINGS 
[001 0] 

FIG. i is a 6 , m c{ural vtew showing the outline of a method and en apparatus according to this Invention. 
FIG. 2 is a sectional view 3howlng a growing apparatus as an example 
FIG. 3 is a plan view illustrating a blade member. 
FIG. 4 is a side view of a blade member. 
1 FIG. 5 Is a view showing the hysteresis of crystal growth. 

FIG. 6 Is a view showing the distribution of temperature in a raw material malt. 

FIG. 7 is a view showing the distribution of temperature In a melt In the case of a conventional method. 

[0011] The symbols In these figures represent the following parts. 

1 Crucible 

2 Raw material melt 

3 Seed bar 

4 Seed crystal 

5 Blade member 

6 Rotating member 

7 Support bar 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0012] The present Invention has the characteristics as aforementioned and embodiments of the invention will be 
hereinafter explained. 

[001 3] First, a method for growing a single crystal according to the present invention is based upon the ground that 
a seed crystal Is brought Into contact with a melt of raw materials melted under heating in a crucible to grow a single 
crystal. In the growing method of this Invention, various modes such as a conventionally known pulling method and a 
cooling method (Kyropoulos method) using gradual cooling are optionally adopted. The point that the seed crystal (b 
brought Into contact with the melt (including the case of a melt) produced by melting raw materials to grow a single 
crystal is common to all of these modes. 

[001 4] When practicing the method of this Invention, a growing apparatus basically comprises a crucible, a heating 
means for heating and melting raw materials placed In the crucible, a means for detecting and controlling heating 
temperature and a crystal support means for bringing a seed crystal into contact with a melt (Including a melt) of tho 
raw materials which are melted under heating. As shown in FIG. 1 showing the typical view of the apparatus, the 
present invention has the characteristics that when e seed crystal (4) supported by a crystal support means such as 
a seed bar (3) Is brought into contact with a melt (2) of raw materials melted under heating In a crucible (1) to grow a 
single crystal, a blade member (5) or a baffle member te disposed In the raw material melt{2) in the crucible (1) and 
the crucible is rotated to grow the single crystal. For the rotation of the crucible (1 >, the growing apparatus is provided 
with a rotating material (6) which rotates the crucible (1) in the condition that the crucible (1 ) is mounted thereon. 
[0015] In the case of a pulling method, the seed bar (3) Is pulled up towards above with rotating the seed bar (3) or 
In such a stationary state that the seed bar (3) is not rotated. On the other hand, In the case of tha cooling method, for 
example, a method In which using a hollow seed b B r (3), cooling gas Is supplied to the hollow portion and the raw 
material melt below liquid level is cooled slowly to precipitate a single crystal on the surface of the seed crystal (4), 
thereby growing a single crystal or a method In which the temperature of whole heaters In a furnace Is slowly lowered 
to cool the temperature of the raw material melt below liquid level may be adopted. The former method Is used to 
prevent the seed crystal from being melted. In these cases, the support means such as thB seed bar (3) may also be 
either rotated or be In such a stationary state that the seed bar (3) is not rotated. H is to be noted that the present 
Invention has, as Its basic thought, the characteristics that the rotations of the seed bar (3> as aforementioned and 
seed crystal (4) which are supported by tho seed bar (3) are made to be unessential and the crucible (1) la rotated. 
Whether the seed bar (3) and the seed crystal (4) are rotated or not is determined properly according to the need as 
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a relative motion to the rotation of the crucible (1) 



Se m Xn~ I 2L5 T m ! mbe , f (5) ° r baffle m6niber havh9 such charaderhtfcs end the rotation of the 
edible (i, chance the effect of st.rring the raw material melt, which makes it possible to make thin thTdrffuston 
boundary layer, to increase the amount of the raw materia* to be supplied to the growth surfa e and to mTe the 

it tne raw matertal melt is highly viscous at the growth temperature 

S?h 8 L Jl! 6 5! ade m A rnb * r . ( ^ °\ baff ' 9 memb8r 98 ,h ° Se hSVing variou5 aha P" ma V be arra "9Sd m consideration 
o hecomposmonandtypBofsinglecrymal which * a subject growth and raw maten^^ 
ofther aW mat eri a.me rt ,.urtherthecfepthof^ 

okL°zz os z 01 t*tt ° >• me fiow {,iraction and fiow *»« ° f the «■» ™ eria| ™ » ■* the .Iks :z 

[0019] Although these blade member (5) and baffle member Is not rotated but placed In a stationary state vibrations 
and motions such as reciprocating motions in at least one of a vertical direction and a horizontal direction may be 
mparted to these members. Also, as shown in FIG. 1 , the blade member (5) or baffle member may be inserted into 
the crumble (1) from the above and pulled up by the support bar (7), may be disposed such that, for example, the depth 
of he member to be arranged In the raw material melt (2) can be adjusted and may be fined and fixed to the bottom 

° f the CrUCib ' e M ° re preferab| y' ft 13 considered to make the member have the former structure. 
[0020) As to the rotation of the crucible (1 ) by means of the rotating material (6), it is considered that the crucible (1 ) 
is made to be able to rotate in a direction positive with respect to the direction of the rotation of the seed crystal (4) or 
in both directions reversely. Also, regarding the rotation of the crucible (1 ), It Is considered to change the rate of rotation 
under control dunng the course of the growth, it is also considered that the direction of rotation and the rate of rotation 
are changed under control In relation to optical detection of, for example, the flow and temperature of the melt and 
growth size of the single crystal or to pressure sensitive and heat-sensltlve detection of, for example, the flow and 
temperature of the melt at the blade member (5) orthe support bar (7) in the crucible (1 ). 

[0021] The single crystal which is an object of this invention may be various types and this invention is more effective 
when the raw material malt is highly viscous at growth temperatures. As examples of the single crystal, various oxides 
are given. Particularly, this Invention Is suitable for the growth of highly viscous borate type crystals such as CsUBgO^ 
(CLBO) for which a high quality and high performance single crystal is expected, compositions prepared by partially 
substitute at least one of Cs and LI of CsUBsO 10 with one of other alkali metal elements or alkali earth metal atoms 
or those doped with an atom such as Al or Ga. In an example explained later, explanations are offered taking, as an 
example, the case where the above CLBO Is grown by a cooling method, though the invention is not limited to this case 
[0022] Also In the growth of a crystal of GdYCOB, namely, Gd^Y^Ca^BOsk by a pulling method (Czochrateki 
method: Cz method), a high quality crystal Is obtained by the method of this Invention, In the pulling method in particular 
It Is also effective to dispose the baffle member. 

[0023] Also, as the oxides to be grown, UNb0 3 , LiTaOg, high-temperature superconductive oxide materials and heat- 
electricity conversion oxide materials such as Na x C0 a 0 4 (x is about 1) are also exemplified. 
[0024] Now, the present invention win bo explained in more detail by way of examples shown below. 

EXAMPLES 

(Growing apparatus) 



[0025] As a growing apparatus, the whole was designed to have the structure of FIG. 2. Using a platinum crucible, 
the crucible was designed to be able to be rotated by a motor. Also, In this apparatus, a hollow one was used as a 
so seed bar (3), a seed crystal (4) was supported by the lower end of the seed bar(3) and the seed crystal (4) was designed 
to be capable or being cooled by supplying seed-cooling gas to the inside of the hollow seed bar (3). This prevented 
the seed crystal (4) from melting and falling. This apparatus enables growth using a melt composition which conven- 
tionally involves a difficulty in the growth of a crystal because the seed crystal melts. 

[0026] In the platinum crucible, a screw type blade member (5) made of platinum shown In FIG. 3 and FIG. 4 was 
55 disposed by fitting it to the support bar (7). The blade member (5) had six blades which were arranged at a blade angle 
of 40 degrees. The blade member (5) was arranged such that the center (A) of the blade was disposed at a plane 
position corresponding to the center of rotation of the crucible. The distance (H) from the Inside bottom of the crucible 
to the center (A) of the blade was designed to be capable of being controlled. It Is to be noted that as to the distance 
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METAL CO Tn i T a , *" Msym ° pipe and FKS P'P e sh ^ in "G. 4 were purchased from FURUYA 
(Single crystal growth) 

Eg JST' af ° rement,0ned the was rotated to grow . CLBO single cpal by a 

Ilh^m J I , » " : 5,5 : 9 2 - AbQ ' " has be&n CQn,,rmad that «""P°Bitlon is preferably a 

stoichiometric composition (melt composition). 

[0030J The maximum heating temperature of the raw material melt was set to 900°C. 
' [0031] Each condition of temperature descending rate and the rotation of the crucible was as follows 
Temperature descending rate 
0.1-C/day 

Rotation of the crucible 
30 ipm 

[ ?° 3 5_ J T Il! P ° Sitl0n Where thB ,em P era,ure descending rate was measured was the level of the melt as the first 
standard. Thereafter, the temperature of me melt was made to descend at a rate of o.l>c/day from the temperature 
at the level. The temperature at this time was measured by control sensors shown in FIG. 2 and the temperature of 
the whole melt was made to descend equally at a rate of o.vc/day. 

[0033] FIG. 5 shows the hysteresis of the crystal when compared with that of a conventional usual method and FIG 
6 shows the distribution of temperature In the raw material melt, it is understood from FIG. 6 that the distribution of 
temperature of the melt in the crucible Is mad© more uniform In the direction of the height than that of a conventional 
method and the crystal is grown uniformly. 

[0034] Further studies as to the results of the distribution of temperature In the raw material melt In FIG. 6 proved ft 
desirable for the growth of a high quality crystal that a difference (At) In temperature between positions extending from 
the liquid level up to a height (depth) of about 10 cm was in a range of up to - 0.5°c, namely between -0.5°C to 0°C. 
[0035] Also, as shown in FIG. 5, in the conventional growing method, although a growth at the first start is slow, the 
rate of growth rises on the way and the final rate of growth becomes considerably high. This shows that when a crystal 
is small, a poor stirring sffact Is produced even if a seed bar is rotated whereas when a crystal is large, the crystal Itself 
stirs a meft to thereby accelerate the growth Instantly. 

[0036] On the contrary, in the growth according to the method of this invention in which the blade memberis Inserted 
and the crucible is rotated, a growth at the first start is faster than In the case of the conventional growth using the 
rotation of a seed bar. This is because the mett is sufficiently stirred by the rotation of the crucible and therefore a layer 
called the diffusion boundary layer which determines the rate of growth becomes thin. Further, this te because the 
degree of supersaturation is made uniform. 

(Evaluation Df crystals) 

[0037] In order to evaluate the quality of the grown crystal, samples prepared by cutting the crystal into wafer-llko 
shapes 1 .5 cm In thickness and polishing the three-planes ot the cut crystal were subjected to a test using a He-Ne 
laser to observe the Internal diffusion in the crystal. In the crystals having high qualities, diffusion arises In the inside 
and the inside is bright with red light, so that the points of diffusion were seen. In deficient places, passes were viewed. 
[0038] As a resuh of the observation, It was confirmed that the crystal grown according to the method of this invention 
in which the blade member was Inserted and thecruolble was rotated had good qualities and a few passes were viewed 
at the lower portion of the seed crystal. 

[00.39] On the other hand, In the crystals grown by the conventional method, passes were viewed as a whole, giving 
rise to a problem concerning the qualities of the crystal. 

[0040] Also, as samples for the evaluation of resistance to a laser, the same samples as above and crystals 10 
mmx 1 0 mmx 1 5 mm In size which were grown by the conventional method were used. The measurement of damage 
threshold value wa3 made for the (001) plane. As the laser light source, a longitudinal and lateral single mode O switch 
Nd:YAG laser was used. The evaluation was mada using an oscillation wavelength of 266 nm which was fourth har- 
monies of the Nd;YAG laser. The pulse width was 0.76 ns. 

[0041] Light having a diameter of 8 mm was converged using a lens with a focal distance of 100 mm. Here, the 
position of the crystal was adjusted such that the focus portion was located at a distance of 5 mm from the plane of 
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00421 The hZTJE^S. ,f ^ . qUBrtZ (104 GWcm2 ) ^s used as a referent example. 
S such JS^-^J^^J?* m8BSUred US ' ng the ,0Urth hBmoniCS < M6 nm > 0f an N*VAG 
™ Ich Te bK ™Zo '^rnage threshold value of the crystal grown according ,o this invention 

Z r JSi ,!? ' 9nd th& CrUClb ' e W8S r0tated and ttie lmsrnal lassr damage threshold values 

of the crystal grown by the conventional method and fused quartz are shown In Table 1 . 



Method 


Damage threshold value (GW/em 2 ) 


Fused quartz 


10.4 


Conventional method 


8.8-8.9 


This invention 


10.4-20.8 



[0043| As shown In Table 1 , It was confirmed that the internal laser damage threshold value of the crystal grown by 
the conventional growing method was lower than that of fused quartz whereas the Internal laser damage threshold 
2, value of the crystal grown according to the method of this invention in which the blade member was inserted and the 
crucible was rotated was higher than that of fused quartz even when the threshold value was lower and was about two 
times that of fused quartz when the threshold value was the highest. 

[0044] As mentioned above, when comparing tha internal laser damage threshold value of the crystal grown by the 
conventional method with that of the crystal grown by the method of this Invention, It is understood that the crystal of 
so this invention Is considerably higher than tha conventional crystal in the Internal laser damage threshold value This 
means that the crystalllnfty is significantly Improved. 

INDUSTRIAL APPLICABILITY 

as [0045] As mentioned above in detail, the present invention ensures that various single crystals including CLBO are 
grown as high quality and high performance crystals from a highly viscous raw material melt. 



1. A method for growing a single crystal comprising arranging a blade member or a baffle member in a raw material 
melt In a crucible and growing a single crystal by rotating the crucible without rotating the blade member or the 
baffle member when growing the single crystal by bringing a seed crystal into contact with the raw material melt 
which Is heated and meltad within a crucible, wherein the crystal Is grown by slowly cooling the raw material melt 
with which the seed crystal makes contact below liquid level to precipitate a single crystal on the surface of the 
seed crystal. 

2. A method according to claim 1 , wherein the seed crystal is also rotated while rotating the crucible. 

3. A method according to claims 1 or 2, wherein a single crystal of an oxide Is grown. 

4. A method according to claim 3, wherein the single crystal of an oxide is a single crystal of a borate type oxide. 

5. A method according to claim 4, wherein the borate type oxide Is CsUB 5 O, 0 or an oxide obtained by partially 
substituting at least one of Cs and Li of CsUBjO,,, with at least one type among other alkali metBl elements and 
alkali earth metal elements. 

6. A method according to claim 5, wherein the oxide Is an oxide doped with at least one of Al and Ga elements. 
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me raw material msft, with which the seed crystal mates contact, below liquid level. 
10. A growing apparatus according to clafm 9 comprising a mechanism for relating the seed crystal. 
fs 11. An «PPe^sr°rgr°wlng aS |nglec^ 

12. A growing apparatus according to claim 1 1 being used for growing a single crystal of a borate type oxide. 
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Fig. 2 




Crucible-rotating motor 
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Fig. 3 
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Fig.** 
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Fig. 5 
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a -12 r . i .. „■ ..L . ,i , , , 1 , , , , [ , , , , ^ 
-1 -0.5 0 0.5 1 

Difference in temperature (°C) 
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Difference in temperature CC) 
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